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STATINTL
MEMORANDUM FOR THE RECORD

SO
Subject: Results of Theoretical Studies of the Influence of the Degreesc;EATINTL
Coherence Upon Images of Edges ‘

INTRODUCTION

This memo reports the results to date of experimental and theoretical
research investigating the influences of the degree of coherence of the illumination
upon the formation of images in optical systems. Previous research1 in this area
has been limited to the study of '""sine-wave' objects. Investigationes, which are
reported in this paper, deal with ""edge' and rectangular objects. Although different
portions of this work were conducted under each of two current projects (Microcap
and Internal Research 86-139), this joint memo wase prepared because of common
objects. The theoretical studies of single edges and rectangular objects were com=-
pleted under the Internal Research, The computer computations for the rectangular
objects, as well as the investigations relating to trapezoidal objects and to the illumi-

nating microscope, were carried out under Microcap.

BACKGROUND STATINTL

General coherence theory, presented in detail by- 2 deals not
only with completely coherent or incoherent illumination but with partially coherent
illumination as well. Within the structure of the theory, coherence and incoherence
represent limiting cases. In the study of partial coherence it is expedient to elimi~
nate some mathematical complexity of the general theory by restricting the class of -

optical systems investigated to those in which the usual '"small angle approximation" is

, STATINTL

1_ Proc. Roy. Soc. A217 408 1953
2 _Princlples of Optics Chapter 10 Pergamon Press 1959

STATINTL
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valid, The coherence of the light in a plane, say the % , Y plane, of such an
optical system is expressed through 7 (%,,'2:2,%,/_1) , the mutual intensity
function. This function is defined in terms of the correlation of the light signals at
two points, ( %, , Y, ) and { Ko s % ) in the Xy plane (see Reference 2, p.
504).

Consider two successive planes in an optical system which have the property
that translation of an object or a stop in the first plane has no influence upon the
intensity distribution in the second plane except for differences caused by differences
in illumination of the first plane. In a spatial filtering apparatus, for example, the
object plane and filter plane are two such planes. Planes that possess this property
will be called relatively Fraunhofer.

It can be shown* that the propagation of the mutual intensity between suc-
cessive planes that are relatively Fraunhofer is given by:

878D e e "

/7%, 2) = K SS m(€.562)
Consider the optical system consisting of four successive, relatively
Fraunhofer planes shown in Figure 1. The Fourier or lens plane, in addition to being
relatively Fraunhofer with respect to the object plane, also contains the aperture
stop of the imaging section.

TYPICAL OPTICAL SYSTEM

EFFECTIVE FIGURE 1 \ ) C L anE
SOURLE PLANE OBFECT " FOURIER MAe

PLANE OR LENS PLANE

I
/

5 (wv) (%) (wv’)

STATINTL

" STATINTL
This was demonstrated to the author by _and is a stated result which
can be found in one-dimensional form in AF CRL-64-~19, "Mutual Coherence and

Laboratories, p. 6 :

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4



-3
Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4 i

In an actual optical system the effective source plane need 'not exist, and it is
introduced in the theory only as a mathematical convenience. The coherence condition
of the light illuminating the object plane ( « , v~ plane) can be described by imagin-
ing an effective source to exist in the ;‘5 » 7 Plane which has an area A ( g R % ) and
a mutual intensity function /;7(,&,7§17}ﬂ,772) . The subsequent mutual intensity
function in the object plane is determined by the two-dimensional form of Equation
(1) and is:

7 ) =\ e o) MG sy, @

By restricting the effective source to be incoherent over its entire area one

N haa:
CELE, 0,00 = AR $CE-£,) $(n,-7.)
oR
7{w-uy, V-1 ) = K SS A(i,Y()é[(%u‘)g+<w£ *v‘)ﬂclga? . (3)
STATINTL
STATINTL

This is the relationship which is the basis of a method of analysis employed by |}
- to study partially coherent illumination. It relates the area of the effective
source to the coherence properties of the light illuminating an object by a Fourier
transform. It should be pointed out that by assuming the "effective' source is a bounded
“ incoherent source that the light which illuminates the object must be characterized by
a spatially stationary mutual intensity function. o By tracing the mutual intensity
function from one relatively Fraunhofer plane to the next through the complete optical
system (see Figure 1), the intengity in the image pla.nem'"'I can be derived in terms of

\

The object is assumed to be uniformly illuminated so that K = 217 .

The degree to which this requirement limits the applicability of the theory to
some optical systems is a question not answered by myself.

dy

ok The intensity in the image plane is found by computing the mutual intenaity

function, [M(uju, v v’), and allowing /= U7 = and vEu = .
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STATINTL

a six-dimensional integral equation. 'I;his multiple Integral equation is derived by
_using a slightly different approach. The various integrations may
be'grouped in several ways. One way involvesthe Integration of the product of the
effective source area, A ( 2, y ), and the complex transmittance of the lens

aperture, ${ x, Y ), evaluated at two points in the Fourier plane to form a four-

dimensional transfer function, C(m, 7 p, Z)

o

clmn,p,gy= 2#55 A('L,y)§CMm,)j+n)-§*(x+p,3+Z) a’sz] (4)

-~

Once CCm,?;P,JQ is known, the intensity distribution in the image plane is
determined by the multiple Integral:

| - )W')"(n" )'U“
- I H’—’)&S% Cimmipg) omn) O%(pyg e H ’ Jman#&é ®

where the O -function is the complex Fourier Spectrum of the object, and it is evalu-
ated at two different frequencies. This approach is useful when investigating a fixed
or particular optical system for varying objects since C(m, ",P>4) remalns a fixed
function and also has the advantage of yielding a function which can be interpreted as
a system "transfer function''. Another way to group the various integrations is to
1ntegraté the product of the object spectrum and complex transmittance over the "fre-
quency' or Fourier plane. This integration yields

: HmwWenw)
- ¢(w313,ui,v">=3'}‘, S& O(m,n)%(X+m,1j+n)e den (6)

The subsequent intensity distribution in the image plane is determined by the
multiple integrala:

I'w)=2m g% ALY 16y, w, v ) A«,A.a (M

STATINTL

T o ci.
%

The magnification between the effective source plane and the Fourier plane s assumed
to be unity so § # and 7= y .
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This approach has the advantage of belng useful in var);ing the degree of
coherence illuminating a fixed object imaged by a particular imaging system. Conse-
quently, it would seem that this approach would be well suited to the investigation of
the influence of coherence upon edges and other objects. Both of these approaches

have been employed in the investigation of edge objects.

COORDINATES AND SCALE FACTORS

Before digcussing the results which have been achieved, it should be pointed
out that the W, v, W, and V' coordinates appearing in the equations are not the
geometrical coordinates of the optical system. These coordinates will be called
reduced coordinates. They are related to the geometrical coordinates w, , 5 ,

-]

u! , and ;' by the following relationship.

N
(Coorainate)o = (ggggfl?r?ate) / &x(Numerial Aperture)
where R is the wave nun‘%iber.' . N
It can be seen that the reauced coordinates are dimensionless. The table below pre-
sents some scale factors for various numerical apertures in the [ icrodensi-
tometer and for the spatial filtering apparatus. STATINTL
TABLE
SCALE FACTORS
| - Instrument Number of Microns
Corresponding to One
Reduced Unit
Mlcrodensitometer .
N. Ao = 0. 1 ) 1. 75
N.A. =0,25 0.35
N. A, = 0,40 0.22
Spatial Filtering 5,00 (3/4'" Aperture in

Filter Plane)

Incoherent and Coherent Limits

As examples of effective sources, the limits of complete coherence and com-

plete incoherence will be demonstrated. For the object to be illuminated completely

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4
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incoherently, the mutual intensity function F(%,u,_,v-' u;_) must be given by:

/_7(("‘/71‘,1) ‘v;;vi_>= g(u'/_u >v/—-.u_z)

and therefore from the inverse transform of Equation (3) the effective source repre-

senting the incoherent limit becomes:

Ay =g Fom all 2,y (8)

Similarly, for completely coherent illumination (i. e. f’(u,,u,_,v“,., v, )= for all

UL Uy, V. and vy ) the effective source becomes:

Al y> =37 0%, Yoy ) (9)
-

Application to Microdensitometer System

The analysis which is reported in this memo is primarily concerned with
the imaging section of the opticél system shown in Figure 1. In the microdensitom-
eter the Fourier plane is assumed to be the plane of the objective of the analytical
microscope and an addition to the system shown in the figure is a2 scanning aperture
behind the image plane. Throughout the analysis, it is assumed that the area of the
image is large compared to the scanning aperture which is the mode of operation

usually recommended by the manufacturer. Another assumption that is made for ease

In analysis is that the optics contained in the imaging section are aberration free.

|

Transfer Function Approach

Initial investigations were carried out using the approach employing ex-

~ pressions (4) and (5). The coherence condition imposed was that the area of the effec-

——

tive source was such as to just fill the ‘aperture in the Fourler plane., This case occurs

when the numerical apertures of the illuminating and analytical objectives are equal,

which is the normal method of operation in the Bl icrodensitometer. As a result,

the "transfer function"” (i.e., Equation (14) ) becomes:

C(m,ﬂ.P,%) = S% §x, 4> S(?@rm, yrn) %*('¥+P>ﬁ;g+g Ydx Jg
STATINTL

Substitute A ( ¥, P ) =i'1rr§("’5"() into Equation (4).

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4
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¥
V¥
*

which,for one-dimensional objects, may be reduced to:

Cim, py= S% Glw) (xR y) %**(_7;+p,a3) Axa\s

o otherwise

when: ] N, %2*\32‘ < |
%’U‘:“ﬁ)":

A sketch of C(mp) is shown in Figure 2.

FIGURE 2
cmp) - CIRCULAR APERTURE

P SRR N S TR A
~

(22)

- N\
- --_,_\</:-____
‘.":/‘-:-\/"z = m |

i ' .'./ " '

This approach was not examined beyond this point for several reasons.

C(mp) is not a closed functional form making the integrations of expression {5) diffi- -

cult and’it does not facilitate the examination of many degrees of coherence,

ALTERNATE APPROACH
Single Edge

be chosen. The first object examined was that of a single edge described by the

amplitude transmittance:
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Ao uro, lvliw

T(Wv) = 2 =0, |vi<w
0 W<o,lvi<e®© (10)

The Amplitude Fourier Spectrum of this object is given by:

{{(mu+nv
O(M;ﬂ)"ﬁ“ﬁ g T e ) duwdv

which upon substitution of T{4w) from 10 becomes:

. ¢ L
o ()= Ay §(n) } T 8m) + Tom } (11)
This is then substituted into Equation (6) to determine the ¢ -function,
{ (mal+n2’)
" ¢(x,7$)u’)u§: -?‘T—}ggé(n)irr 3m) +T!‘7n§ S, y+m) g dwmdn
the integration over m may be done immediately to yield
!
puspd= 8 | s e} Smape™ 4,
Letting {(xy) represent a square aperture
I 'E-“X <m £ B")‘I Y “ﬂ\ﬁB
%(,Kﬁ#n = !
'4) o elsewhere (12)
and expanding the exponential term:
B-»
B-¥ _. : ‘
s - CosS m
dlx,y, W) = 5—9 W{wiﬂ)j)*‘g *“""lnmdm LS ”Tg dm
N R-¥ ~B-¥
which is integrable in terms of sine and cosine integral functions, St and C{ . The
result for |6y, w)|* s
-2 2
[$06y,wd{™ = %‘#1 % [rr—S(x,uj) +Si(R0OU +5(B-) L&'J + }:C((mx)u'-C;(B—#)M']
.’ (13)

Note that: 14l ¢B otherwise \Cb(?‘,Lg,w")Iz:O.

e
For the evaluationof this integral, see_"Fourier Analysdd ARdNTL
Generalized Function", Cambridge University Press, 1960, p. 43.
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One can allow & = 1 without any loss in generality and this will be done in the
following analysis. This expression is substituted into (7) along with the appropriate
area of the effective source to find the image intensity for varying degrees of co-
herence. Conslder the coherent limit where the effective source is given by

Equation (9). Expression (7) becomes:

' = | 2., (j,u.'){z Holél

= J YISty 2+ S P +S (o ] JHetmow-c '} (4

where SOy = }: Som Vx| &1, ly|8!

(o) ot 5 e

Physically, different values of ( %4, Y, } represent different incident
angles between the object plane and the illuminating plane wave. Since the image
intensity 1’ is independent of W, » if 1y} €| , it is Instructive to examine the
change in I' as %, 1s varied. Several computations were made for %, =0, 0.5,
0.98, 1,01, 1.02, 1,10, * The intensity (Tw)- ‘-‘I"—: ) versus position ( W ) curves
are plotted in Figure 3. o Several hypotheses can be made & out less coherent
{1lumination by examining the figure. Note that the only essential difference between
the « =0 and 2,= 0.5 curves is decreased in ringing at the top of the edge. This
observation can be made for all x < 0.9, although it is not shown in the figure, _
Consequently, an effective source which extended from %, = -0.9 to % = +0.9 should -
produce little change inthe edge gradient. However, when 0.9 ¢|z,] < 1.0, the co-
herently illuminated edge shows a marked shift and increase in the level of intensity
at the toe of the edge. Consequently, one would expect thaf the extension of the
effective source to an area represetned by %, = -1,0to %, = 1.0 would decrease the
contrast of the edge and also produce a smaller edge gradient, Further extension of ‘
the effective spurce (i.e., less coherence) will add intensity distributions similar to
those shown iq the lower curves., The effect of this extension appears to be additxonal

When the \ialues of argument are small, it must be recalled that (%) « n y 2

in order té perform the proper numerical evaluation.

i Also shown in Figure 3 is the incoherent limit which was determined by convolving

the intensity distribution of the obJect with the Imaging system point spread This
limit could also be reached by using an effective source given by expression (8)

in expression (7). However, it appears the resultmg integration must be done num-
erically and therefore is impractical

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4
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loss in edge gradient. These conclusions can be tested by performing the integrations

in expresslon (7) for various effective sources. Assuming A(v,yy is:

|
= ’ L€ %€
A(?L)tj): %7-”' i ’M'
o 0+herw|$£z
and using expression (13) for | &ix "j: WD , z Equation (7} becomes:

(3
&
, P
T(w)= _Iian-‘E_’t + 4iTE S is(.(H‘x)u.’.; S (\—rAu:EAx +1& 83@1(\1-:):.&’-1—5&(%)()&1

2
- - +[C((|+x>u'~Ci(\~‘<\“l] % dx
4
1
where € £l
Unfortunately the second integral does not exist at Z=%]} since (i W
%*
or Ci (1-wW diverge , and therefore, the integration cannot be completed numer-

ically for €21 . This circumstance led to the investigation of rectangular objects.

Rectangular Object

Consider an object whose amplitude transmittance is:

A. ocUew |/ <L
Tlww) = Aoy W=o u=zw, o (13)
=] other wige

The amplitude Fourier Spectrum of this object is given by:

Olrm, )= AL5M) Sir TW 0 HY (16)

™
Substitution of (15) and (16) into (6) yields:

o
¢(%“j,u&.«’)= %Eg Sm %!YT:OS mA~5) Flxom, ) dm
= T o mw < ‘
+1 Sin 3 Sin min-¥) $ttrm
m Pl

‘j) dwm

-

*
This problem was investigated by _ who concluded that the divergent
properties arose from the mathematical approach rather than from the unlimited

energy of the object. STATINTL
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Letting ‘S(";‘j) represent a square aperture as before, see expression (12),

| &y w'D | * can be written as:
l¢()()\1)wl)lt.: %}- [Re ((b)}?- +E'_[m((b)}h% (17)
where J=x
Ro(dy= | 2 Sin Tt cosw(L—g)
ot LY
and Fx - Mmw I_w
2 Sin —— Co0S M« 1.) d
Im(d)) = Z m
-§~x m

Evaluation of Re(4) and Im(&) may be done easily by using the following

{dentities:
! F4
A d 2 emB¥ sin m(u =¥y = cos (W=w)m = cos LWm
2 S\V\yniﬁ/ Cos .YY‘P(LA."-%) = S uf'm -~ 5“"\( U‘I_'W5m

it is found that:

Re (4 = 131("*5“" +SL Qo = S G (w=w) ~S¢(f+><)(u'*w)§ (17a)

Ne ) G Oow = GO W F L -0 {W-w) =G (ex) (wh- )}
Imlah 1 w (17b)

A g where W 18 the width of the rectangular object.

.

Consider an effective source given by:
|
. 3T xlte  tyi <l
A(x)w) = QI l ‘ 3 (j
’ o otherwisa,

The source size, which depends on the value of ¢ , represents a particular
mutual intensity function before the object plane. As € approaches o0 the incoherent
limit is reached. Substitution of this effective source and expression (17) for

| DOy, | Z into (7) yields an image intensity given by:

!
T =5 § g %pee (2)]* + [Imisd] g dxdy

-€ -

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4
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~ Since Reld) and Iwl() are independent of v

i

¢ _ %
T (W= -_%—;_3 S [g-\(;-x)u’ +S;(I+X>u'~-&(l~x)(d-w)‘-si(”‘"XUU‘W)] dx

a (18)

+ Se [C; (W = Cl-a)u’ + ¢ (-xYu=w) - ci(vw)(u;’—w)] de

The evaluation of expression (18) required numerical integration and conse-
N quently a program was written for the IBM 704, * Before presenting the results of
the computer evaluation, a physical interpretation of the value of € in the micro-
densitometer will be discussed. The value of € represents the relative size of
the effective source compared to the aperture stop in the Fourier plane.. When
€ = 1, the effective source just fills the aperture. Therefore, in the microdensi-
tometer ¢ may be interpreted to be the ratio of the numerical aperture of the

fluminationobjective to the numerieal aperture of the analytical objective.

~ The computer program for the rectangular object was run for several objécf
widths, in particular W=3000, 600, 300, 60 and 30 (in W’ -unifé, see Table 1), Each
object has been evaluated for e values of 0.2, 0.4, 0.6, 0.8, 0.9, 0.95, 1,00,
~ 1.05, 1.10, 1.20, 1.40 and 1.50. The relative intensity vs. position curves for
image when W=3000 ( W -units) is shown in Figure 4. In order to compare the re-
sults for different va ues of coherence (l.e. ¢ )Jforthe same object and to compare
various size objects, an appropriate normallzation procedure must be employed.
The criterion of equal energy content within each image is desirable but not con-
venlent since this requires knowledg e of the total area under the intensity-position
curves. Instead, a nearly equivalent criterion is employed in which the intensity at

!

w =L’% is set equal to 1.0, When this is done, the intenslt}'r-position curves for

The details of the program will not be presented in this memo. The subroutines
for the evaluation of sine and cosine integral functions are the only parts of the
program which may be useful to others,

Approved For Release 2001/04/02 : CIA-RDP78B04747A000200010050-4
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all values of object width greater than 300 ( W' -units) are practically identical,
Figure 5 is a plot of these curves for various degrees of coherence. The effect

of smaller object widths is currently being examined and will be reported in a

future memo., Figure 5 exhibits some of the results which were suggested earlier
in the memo., As ¢ changes from 0.2 to 0.9, the major change in the image of
the edge is a decrease in the amount of '"'ringing' at the top of the image, However,
a8 € Increases from 0.9 to 1.0, there is a significant increase in light levels

of the toe of the image causing a reduction In contrast, Of course, the reduction is
greater for high contrast objects. Further decrease in the degree of coherence (i. e.
larger €  or overfilling the aperture) increases the loss of contrast. As ¢
approaches oo it appears that the incoherent limit is reached as expected. To
examine the edge gradients Figure 6 is an expanded plot of the intensity-position
curves for W between-1,0 and 2.0, The table in the figure contains the value of
edge gradlent of a function of € measured over the linear portion of each curve,
It is evident that the gradient decreases with decreasing coherence (i.e. larger ¢ ).

The conclusion drawn from these results is that it is possible for an edge
image to possess a larger gradient without excess ringing when the ratio of the
numerical aperture of the illuminating objective to that of the analytical objective
is about 0,8 instead o; 1,0 (i. e., matched apertures), The amount of improvement
in a real system cannot be predicted because, in general, optical systems are not
diffraction limited.

Other areas which have been briefly examined concerning imaging in the
microdensitometer system includes: 1) Trapezoidal objects to account for a finite
resolution of the object and 2) The influence of the size of the area illuminated upon
the microdensitometer output.

TRAPEZOIDAL OBJECTS

The amplitude transmittance of the object in this case is assumed to be:

@) W< o
AuW
<= vsugs
T(w) = : ccue wis (19)

Biw+2s-0)  wisgu s WH2S
o Wt 21e KW
The corresponding object spectrum is

- -imol (20)
Olm,n) = ‘35-’3 S(n) 3 cosv,gn?:z cos Am } ¢
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where of = _v:% +S and @“w/ﬁ.

SN 12
The value of | 4)(’”)“],\& )l is determined in the same way as before.

A numerical evaluation of _I'(u’> has not been programmed for the IBM 704 as yet.

INFLUENCE OF THE ILLUMINATING MICROSCOPE

The investigation of the limited area illum inating system is carried out
from a slightly different theoretical approach than those described previously
mainly because the theory of _assumed the entire object plane was uni-
formly illuminated. Figure (7) contains the optical system to be examined. All
three planes are relatively Fraunhofer so that expression (1) may be used to

o propagate the mutual intensity function between each plane.

STATINTL
FIGURE 7
ORIRCT, CANE FOUR ER IMAGE PLANE
L PLAOE ' :

/ ' it s ; Ve
s

) ' SCANMING APERTURE

. - T 3 U As(%')
” / I/; P "

n, o ' Fsqu Iy, T

From expression (1) assuming % =%, =% , the intensity in the image plane

172
" becomes: A -l YW
{ / { ]
Is = S\ N (v,2ide dx! dz]

assume a clear aperture in the Fourier plane (i.e. system is aberration free) so:

Fadx! x!) = P-ﬁ('y/./, Z;) |X,’,X{I o .
w(K5%5) = : |
o otherunse,
and then:
L xS =) ,
I (v) = S\J f;(%;,k;)é cjx,’dxl (21)
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now again by employing expression (1):
¥ /7
y ( ()(/ xll‘xz XJ_)
Roaxo =y nuae dxt ! 22)

In the microdensitometer the object is physically moved through the object
plane so that the transmittance of the object (i. e. the area illuminated) ila a
function of time, therefore :
) *, T g
Dok, %) = T OO ) TR0 6) 70 X))
since the mutual intensity function is modulated by the amplitude transmittance as
It passes through the object. Combining this expression with (22) yields:

/Y - " * " t ) '(XI”X/"’ J /
. [_:5(54.',11 E gng T(x' ‘{-)T (xz){:>!7(A;I)X2/)CI Xy Xy ) dx'n C{X,_"
-0

this expression is now substituted into (21):
% e ” ” o ‘.(XI”K?KZ’.X;.) ¢ (-X,"X{)‘,K
Ls(30) - &S SS TOCOTHE O, %)e dy'dr!| e dx/dx!

-0 00

by changing the order of integration, the integrations over x" and 7‘{ may be

done to yield:
00

{) - SS ‘T_(X:I)f)T,? u{ P(K,” xu S\Y\(X+X,”)a-‘ S!n X+x” a.
lS(XJ -0 xl) ) ‘ ’ l> X+X,” ﬁrﬁz dX’”d)({/ (23)

If the object is coherently illuminated then:

X vy - " » d
[70%" %0) _JI(x, )j_axz)
and (23) becomes
. &2 Z
15("%{’) = § gm T()(”,t’;) Sin(Xx+x)a dx” (232)
. - 1 X*K”
For incoherent illumination

O, %) = ﬁ(x,")JI(x;f S(xr-x/

and (23) becomes

x

2
is(x)f)=5 T(x') IT{xjf)/z[Sm(wx”)m] dxv (23D

X+ X
~0Q

)
9
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Assume that the illuminating slit is a thin line so that the width of the illuminated
area in the object plane is determined by the line spread of the illuminating systems’
optics and the illumination is coherent, Now if the resolution limit of the illumi-
nating and imaging systems are identical then:

JTon - [T e

a)(ll

This is substituted into expression (232) to yield:

+ %

2 .
To(x,t) = 3 g T(x"¢) 5‘”““" ik SlL324 a.x un} (24)

In order to investigat a rectangular object of width W , assume T L)

to be glven by: ey 2§ x-St £y’ ¢ Y+w-st
/ - o O‘\'y\eru:)'\se)

where <, ls the location of an edge of the object relative to the object plane when
£ =0 » Substitution in (24) yield; st e ", 5
Toxt) = Lo XS Ao 2o d""}

A final step remalins in computmg the output of the microdensitometer and
that 1s to include the influence of the aperture in the image plane. This accounted
for by the following expression:

IQU') = ‘§ As(x) Ts(xt) d x AJ(X)s SCANRING APERTURE '
_ : —o0
For convelence, assume that Atx)y =€ (x) (i.e. a thin line aperture), This same
assumption was made about the illuminating slit and therefore is reasonable here.
This assumption yields:

L - ‘é (s
Ig“’>: Is'(c’,t>:1b§ w Sin x'a d x"
p-st s X

This integration can be done to yield:

_smralwrAost) sma(xpsz‘)
(o= L,%Sx 20w+ % 510" -Si a5t ﬁ?wx 5y alx-st)

Again the reader should be cautioned that ’)‘-;-sé is 2 scaled distance. In fact, to
compare the result with those previously present, the substitutions aw=w and

-~w'=a(¥-st) should be made. In this case
Sm (W-w) _ S\n o

I,0)~ I%S.M-Stﬂ(u w) g
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the normalization constant is again chosen to be the intensity value at w=w/y
For values of W »3co ,the normalized intensity equation becomes:

2 Cmr e A sirtu )% -
I (u) sk T S - 2 } (25)

This function has been evaluated numerically and is shown in Figure 8 along
with the curves for € = 0.8 and o0 (incoherent limit) for comparison. An
expanded scale is also shown in order to see the relative edge gradients more ‘
clearly, The narrow slit case is improved compared to the incoherent limit ( €=c0 ) o
with respect to contrast and edge gradient. In addition, there is an increase in the
edge gradient compared to € = 0.8 case. Additional analyeis is heing made in

the areas of increased illuminating slit width and increased scanning apertures.

RING SOURCE

A computer program for theoretical studyof a2 ring source in a circular
aperture has been written and tested in a trial run. It is anticipated that results

will be presenfed in a later memo.

Future areas of investigation of partially coherent illumination will include
continued theoretical study of the illuminating system under Project Mlcrocap and
the ring source problem under the Internal Research Program, Sine-wave objects
will also be givena brief consideration. An experimental program designed to
demonstrate the theoretical results, which has been delayed, will be started shortly.

STATINTL
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